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Abstract: Surfactants is one of the effective methods to promote hydrate formation. The influence of Sodium 
dodecyl sulfate (SDS) on the formation of hydrate was studied in an autoclave. The microscopic properties for 
SDS hydrate samples were detected with Raman spectroscopy and powder X-ray diffraction. It was found that the 
presence of SDS decreased the induction time and enhanced the hydrate growth rate. The microcosmic results 
showed that the presence of SDS did not change the sI-type hydrate lattice structure and had less impact (a few 
thousandths) on the crystal spacing compared with ideal sI-type structure and pure methane hydrate. The Raman 
shift of C?H stretching mode from CH4 encapsulated in large and small cages are all 2904 and 2915 cm1, which 
illustrate SDS did not change the large and small cages structure. SDS improved the absolute small cages 
occupancy (L) as the absolute large cages occupancy (S) approached saturation, and this is also demonstrated 
that SDS can reduce hydration number and increase storage capacity. 
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Fig.1  Schematic of high-pressure hydrate kinetic 
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Fig.2  Pressure, temperature and run time curves 
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Fig.3  Pressure and run time curves at different concentration 
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Table 1  Results of kinetic experiment 
System 
Gas consumption 
/mmol 
Induction 
time/min 
P=5.75 MPa? P=5.25 MPa? P=4.75 MPa? Average 
times Rate/mmol·min1 Times Rate/ mmol·min1 Times Rate/ mmol·min1 Times
pure water 50.06 22.1 0.76  0.37  0.16   
0.05% SDS 87.34 11.3 4.10 5.4 5.56 15.0 4.05 25.3 15.2 
0.1% SDS 88.68 9.1 6.00 7.9 5.47 14.8 4.44 27.8 16.8 
0.2% SDS 92.67 5.5 7.08 9.3 5.50 14.9 4.69 29.3 17.8 
0.3% SDS 93.43 4.4 8.05 10.6 5.48 14.8 4.59 28.7 18.0 
0.5% SDS 93.51 4.2 7.09 9.3 6.08 16.4 4.56 28.5 18.1 
? Instantaneous pressure during reaction. 
? 12?                                        www.hgxb.com.cn ?4805?
??????????????????????
??????????????????????
????? 15 ???????????????
?????????????????????
???? 
2.2  XRD?????? 
X???????????????????
4 ????????1% SDS???2% SDS??? 
 
? 4  ????????1% SDS??????2% SDS??
??? X?????? 
Fig.4  X-Ray diffraction patterns of pure water methane 
hydrate and methane hydrate formed in presence of 1%  
SDS or 2% SDS 
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Table 2  Analysis of X-ray diffraction patterns 
System 2hkl/(°) dhkl / nm (hkl) Error1
?
/% 
Error2?
/% 
ideal sI-type hydrate 28.064 0.3177 321   
 25.941 0.3432 222   
 27.023 0.3297 320   
pure water methane hydrate 28.236 0.3158 321 0.60  
 26.032 0.3420 222 0.34  
 27.202 0.3275 320 0.65  
1% SDS methane hydrate 28.212 0.3160 321 0.52 0.083
 26.009 0.3423 222 0.26 0.087
 27.156 0.3281 320 0.48 0.166
2% SDS methane hydrate 28.235 0.3158 321 0.59 0.003
 26.101 0.3411 222 0.60 0.260
 27.186 0.3277 320 0.59 0.058
?  Interplanar spacing error between ideal sI-type hydrate and 
experimental results.  
? Interplanar spacing error between pure water methane hydrate and 
1% SDS or 2% SDS methane hydrate. 
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Fig.5  Raman spectra of methane hydrate  
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